Synthesis and characterization of alkylated poly(1-vinylimidazole) to control the stability of its DNA polyion complexes for gene delivery.
Poly(1-vinylimidazole) (PVIm) with alkylated imidazole groups has been synthesized as a pH-sensitive polycation to control the stability of its DNA polyion complexes for gene delivery. The resulting alkylated PVIm (PVIm-R) was water-soluble despite deprotonation of the imidazole groups at physiological pH, as determined by acid-base titration and solution turbidity measurements. Agarose gel retardation assay proved that the alkylated imidazole groups worked as anchor groups to retain DNA. Pyrene fluorescence measurement showed that the hydrophobic domain of the DNA complex with butylated PVIm (PVIm-Bu) increased after the protonation of imidazole groups of the PVIm-Bu to enhance the membrane disruptive activity. The PVIm-Bu exhibited no significant cytotoxicity in spite of the existence of cationic groups. The resulting PVIm-Bu/DNA complexes easily released DNA, as compared with the octylated PVIm, which was examined by competitive exchange with dextran sulfate. As a result, the PVIm-R/DNA complexes mediated efficient gene delivery, and the gene expression depended on the length and density of the alkyl chains. These results suggest that pH-sensitive PVIm-R's control of the stability of DNA polyion complexes enhanced noncytotoxic gene delivery by the optimized alkylated imidazole groups.